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RECEIVE, AT A CONTENT SERVER VIA A
FIRST NETWORK CONNECTION, A REQUEST
FOR CONTENT FROM A CLIENT DEVICE, 302
WHERE THE CONTENT COMPRISES A
PLURALITY OF PORTIONS REPRESENTED
WITHIN A ROOT DOCUMENT

DETERMINE TO DEFER AT LEAST ONE
PORTION OF THE CONTENT FOR
DOWNLOAD VIA ANETWORK CONNECTION
OTHER THAN THE FIRST NETWORK
CONNECTION BASED UPON A DOWNLOAD
CONSTRAINT OF THE AT LEAST ONE
PORTION OF THE CONTENT AND A
NETWORK CHARACTERISTIC OF THE FIRST
NETWORK CONNECTION

304

SEND THE CONTENT WITH EACH OF THE AT

LEAST ONE PORTION OF THE CONTENT
REPLACED WITH A CONTENT STUB WITHIN
THE ROOT DOCUMENT, WHERE EACH 306
CONTENT STUB IDENTIFIES THE
RESPECTIVE PORTION OF THE CONTENT
AS A DEFERRED PORTION OF THE
CONTENT AND COMPRISES A CONTENT
IDENTIFIER OF THE RESPECTIVE
DEFERRED PORTION OF THE CONTENT

FIG. 3
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SEND, VIA ACLIENT DEVICE, A REQUEST
FOR CONTENT TO A CONTENT SERVER VIA
A FIRST NETWORK CONNECTION

RECEIVE, FROM THE CONTENT SERVER, A
ROOT DOCUMENT COMPRISING AT LEAST
ONE CONTENT STUB, WHERE EACH OF THE
AT LEAST ONE CONTENT STUB IDENTIFIES
A RESPECTIVE PORTION OF THE CONTENT
AS A DEFERRED PORTION OF THE
CONTENT AND COMPRISES A CONTENT
IDENTIFIER OF THE RESPECTIVE
DEFERRED PORTION OF THE CONTENT

DETECT A NETWORK CONNECTION
CHANGE TO THE CONTENT SERVER FROM
THE FIRST NETWORK CONNECTION TO A
SECOND NETWORK CONNECTION

DETERMINE TO DOWNLOAD AT LEAST ONE
DEFERRED PORTION OF THE CONTENT VIA
THE SECOND NETWORK CONNECTION
BASED UPON A CONFIGURED DOWNLOAD
CONSTRAINT OF THE AT LEAST ONE
DEFERRED PORTION OF THE CONTENT AND
A NETWORK CHARACTERISTIC OF THE
SECOND NETWORK CONNECTION

OBTAIN THE AT LEAST ONE DEFERRED
PORTION OF THE CONTENT IDENTIFIED BY
THE RESPECTIVE CONTENT STUB

FIG. 4
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COMPARE DOWNLOAD
CONSTRAINT(S) WITH CURRENT
NETWORK CHARACTERISTIC(S)

514 912

SEND ORIGINAL ROOT
CONTENT DOCUMENT TO NO
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TO CONTENT FRAGMENT
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NETWORK-AWARE STRUCTURED
CONTENT DOWNLOADS

RELATED APPLICATIONS

This application 1s a continuation of and claims priority to

and claims the benefit of U.S. patent application Ser. No.
13/435,091 titled “NETWORK-AWARE STRUCTURED

CONTENT DOWNLOADS.,” which was filed 1n the United
States Patent and Trademark Office on Mar. 30, 2012, and
turther claims priority to and claims the benefit of U.S.
patent application Ser. No. 13/032,122 titled “NETWORK-
AWARE STRUCTURED CONTENT DOWNLOADS,”
which was filed in the United States Patent and Trademark
Oflice on Feb. 22, 2011, both of which are incorporated
herein by reference 1n their entirety. This application 1s also
related to U.S. patent application Ser. No. 14/0477,787 titled
“NETWORK-AWARE STRUCTURED  CONTENT
DOWNLOADS,” which was filed in the United States

Patent and Trademark Office on Oct. 7, 2013, and which 1s
incorporated herein by reference 1n its entirety.

BACKGROUND

The present invention relates to content downloads for
mobile and other devices. More particularly, the present
invention relates to network-aware structured content down-
loads.

Computer networks allow computing devices to 1intercon-
nect to servers to access and/or download content. Computer
networks may provide one or more of wired and wireless
connectivity for computing devices. Computer networks
may also provide a variety communication protocols for use
by computing devices.

BRIEF SUMMARY

A method includes sending, via a client device, a request
for content to a content server via a first network connection;
receiving, from the content server, a root document com-
prising at least one content stub, where each of the at least
one content stub 1dentifies a respective portion of the content
as a deferred portion of the content and comprises a content
identifier of the respective deferred portion of the content;
detecting a network connection change to the content server
from the first network connection to a second network
connection; determining to download at least one deferred
portion ol the content via the second network connection
based upon a configured download constraint assigned to the
at least one deferred portion of the content and a network
characteristic of the second network connection; and obtain-
ing the at least one deferred portion of the content identified
by the respective content stub.

A system includes a communication module; and a pro-
cessor programmed to: send, via the communication mod-
ule, a request for content to a content server via a first
network connection; receive, {from the content server, a root
document comprising at least one content stub, where each
of the at least one content stub identifies a respective portion
of the content as a deferred portion of the content and
comprises a content i1dentifier of the respective deferred
portion of the content; detect a network connection change
to the content server from the first network connection to a
second network connection; determine to download at least
one deferred portion of the content via the second network
connection based upon a configured download constraint
assigned to the at least one deferred portion of the content
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2

and a network characteristic of the second network connec-
tion; and obtain the at least one deferred portion of the
content 1dentified by the respective content stub.

A computer program product includes a computer read-
able storage medium having computer readable program
code embodied therewith, where the computer readable
program code when executed on a computer causes the
computer to: send a request for content to a content server
via a first network connection; receive, from the content
server, a root document comprising at least one content stub,
where each of the at least one content stub identifies a
respective portion of the content as a deferred portion of the
content and comprises a content 1dentifier of the respective
deferred portion of the content; detect a network connection
change to the content server from the first network connec-
tion to a second network connection; determine to download
at least one deferred portion of the content via the second
network connection based upon a configured download
constraint assigned to the at least one deferred portion of the
content and a network characteristic of the second network
connection; and obtain the at least one deferred portion of
the content 1dentified by the respective content stub.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 1s a block diagram of an example of an 1mple-
mentation of a system for network-aware structured content
downloads according to an embodiment of the present
subject matter;

FIG. 2 1s a block diagram of an example of an 1mple-
mentation of a core processing module capable of perform-
ing automated network-aware structured content downloads
according to an embodiment of the present subject matter;

FIG. 3 15 a flow chart of an example of an implementation
ol a process for server-side processing for automated net-
work-aware structured content downloads according to an
embodiment of the present subject matter;

FIG. 4 1s a flow chart of an example of an implementation
of a process for client-side processing for automated net-
work-aware structured content downloads according to an
embodiment of the present subject matter;

FIG. 5A 1s a flow chart of an example of an implemen-
tation of 1mitial processing within a process for server-side
processing for automated network-aware structured content
downloads according to an embodiment of the present
subject matter;

FIG. 5B 1s a flow chart of an example of an implemen-
tation of additional processing within a process for server-
side processing for automated network-aware structured
content downloads according to an embodiment of the
present subject matter;

FIG. 6A 1s a flow chart of an example of an 1mplemen-
tation ol mitial processing within a process for client-side
processing for automated network-aware structured content
downloads according to an embodiment of the present
subject matter; and

FIG. 6B 1s a flow chart of an example of an implemen-
tation of additional processing within a process for client-
side processing for automated network-aware structured
content downloads according to an embodiment of the
present subject matter.

DETAILED DESCRIPTION

The examples set forth below represent the necessary
information to enable those skilled 1n the art to practice the
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invention and 1illustrate the best mode of practicing the
invention. Upon reading the following description 1n light of
the accompanying drawing figures, those skilled 1n the art
will understand the concepts of the mnvention and will
recognize applications of these concepts not particularly
addressed herein. It should be understood that these con-
cepts and applications fall within the scope of the disclosure
and the accompanying claims.

The subject matter described herein provides network-
aware structured content downloads. The network-aware
structured content downloads described herein provides an
automated intelligent content download approach that may
be adapted to multiple network connections and capabilities.
Content server devices and client devices capable of con-
nection to the content server devices via multiple network
connections and/or networks at one or more locations each
process download constraints associated with content down-
loads. Different download constraints may be assigned to
different portions of content within the same content docu-
ment (e.g., a “root” document). At the content server,
download constraints associated with content requests may
be evaluated against current network characteristics in
response to content requests. Portions of the content may be
deferred for later download or contemporaneous download
via a different network connection where the network con-
nection meets the content download constraints (e.g., 11 the
download constraints exceed current network connection
characteristics). Deferred content 1s identified within the
root document by replacing content tags associated with the
deferred content with content stubs. Each content stub
identifies the respective portion of content as deferred con-
tent and 1ncludes a content 1dentifier of the deferred content.
Content stubs may also include download constraints.

In response to receipt of the root document including any
identified deferred content, the client device may search for
a currently accessible network (e.g., via one or more avail-
able network connections) that satisfies the download con-
straints and download the deferred content 1f such a cur-
rently accessible network connection 1s available.
Alternatively, 1t a different network and/or network connec-
tion that satisfies the download constraints 1s not currently
available, the client device may configure automated down-
load of the deferred content 1n response to detection of and
connection to a network connection that satisfies the down-
load constraints for the deferred content. The client device
may also prompt a user with respect to download prefer-
ences for the deferred content and may configure automated
download 1n response to detection of user input of the
download preferences. Additionally, the content server may
also be configured for automated detection of the client
device to the server via a diflerent network connection that
satisfies the respective download constraints of deferred
portions of content and may initiate download of the
deferred content portions to the client device. As such, either
or both of the client device and the server device may be
configured for automated network-aware structured content
downloads and may coordinate download of deferred con-
tent as one or more different networks and/or network
connections that satisfy download constraints of different
portions ol the root document become available.

The description below utilizes the terms “network,” “net-
work connection,” and “connection” interchangeably for
case of description. These terms are not intended to be
limited to either physical or even protocol-layer connec-
tions, such as a transmission control protocol/Internet pro-
tocol (TCP/IP socket), but may also include properties of a
logical network connection between two communicating
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4

devices. For example, if Device A 1s connected to Device B
via a TCP/IP socket, and the network speed available to that
socket increases from two hundred and fifty six kilobits per
second (256 Kbits/sec) to two megabits per second (2
Mbits/sec), then for the purpose of the present subject
matter, the network connection may be considered to have
changed, though the protocol connection (and perhaps even
the underlying network) may not have changed. As such, 1t
1s possible that a network connection, such as a TCP/IP
socket, may remain in place 1n association with a given
network, but that network characteristics (e.g., speed, secu-
rity, etc.) as described 1n more detail below of the underlying
network may change. A change in a network connection may
further include a change to a different network connection
via the same network with different network characteristics,
a change to a different network connection via a different
network with different network characteristics, or any other
change of connection that provides communication capa-
bilities as described herein. Changes to the protocol-layer
connection or to the physical connection may result in
changes to the network connection as defined here, but
changes to physical or protocol connections are not required
to be considered a change of “connection” that may be
detected and processed as described herein. Accordingly, the
description herein 1s directed to such changes 1n network

connection 1rrespective of use of the terms “network,”
“network connection,” and “connection’ 1n association with
any given example.

A content request may include a request for a web page,
a request for e-mail replication, or any other content request
as appropriate for a given implementation. A root document
may include, for example, an extensible markup language
(XML) document, an email document, an email attachment,
or other document that may include content portion delin-
cation and identification, and that may include tagging
capabilities for insertion of stubs.

As an example of use of multiple networks, a client device
used by a user that 1s leaving work and walking to a train
station may pass/handofl from a corporate wireless fidelity
(Wi-F1) intranet connection that 1s protected by a firewall to
an external public or private wireless network. The corporate
Wi-F1 intranet connection may likely provide better security
for most business content accesses and download constraints
may be utilized to defer content downloads based upon a
security level of the respective current network connection.
Alternatively, the client device may be used by the user
while traveling on a train from work to home and may
pass’handofl connectivity from a fourth generation (4G)
network to a third generation (3G) network, or possibly to a
wireless fidelity (Wi-Fi1) network provided by a public
transportation company, all while working on the same task.
Certain of these networks may provide better download
bandwidth and performance, and download constraints may
be utilized to defer content downloads based upon a network
speed of the respective current network connection. As such,
download constraints may be leveraged to defer portions of
content for situations such as these or other situations as
appropriate for a given 1mplementation. Many other
examples of use of download constraints for managing
download of portions of content are possible and all are
considered within the scope of the present subject matter.

As described above, the deferred content 1s i1dentified
within the root document by the content server replacing
content tags within the root document that are associated
with the deferred content with content stubs. Content stubs
may be considered content fragments that replace original
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content fragments. For documents formatted with a markup
language such as XML, a content stub may be considered an
XML fragment.

Replacement of content tags with a content stub may
include, for example, msertion of a different stub content tag
pair and other information as appropriate for a given imple-
mentation at a location within the root document where the
original content references were located. Some examples of
a content stub/content stub pair may include tags such as
“<stub> and </stub>," “<deferred> and </deferred>,” or
other references as appropriate for a given implementation.
The content stub may include a content pointer to the
respective deferred portion of the content. Examples of a
content pointer may include a link such as a uniform
resource locator (URL), a text attribute, or other content
pointer as appropriate for a given implementation. A text
attribute content pointer may 1dentily the tag pair identifier
that was replaced with the content stub as text associated
with a stub tag pair. Additionally, attributes may be gener-
ated 1n association with content stubs that identity/define the
download constraints for one or more deferred portions of
content within a root document. The client device may
utilize the identified download constraints for automated
processing for retrieval of the content via one or more
alternative networks, etther in real time or as other networks
become available.

Download constraints may be considered rules or policies
that 1dentify/determine when and under what conditions
content or portions of content may be downloaded. As such,
download constraints provide granular control of download
of portions of content. Download constraints may include a
variety of content characteristics as described 1n more detail
below and may be combined with one another to form
compound download constraints. Any form of rule or policy
indication may be used to 1dentity download constraints 1n
association with portions of content as appropriate for a
given 1mplementation. For example, download constraints
may be identified using attributes associated with content
clements (e.g., data elements, links, etc.) within a root
document such as a web page or email document/attach-
ment.

Examples of download constraints that may be used to
control download of portions of content include a size of
cach portion of the content within a root document, a content
type associated with each portion of content (e.g., MPEG4,
MP3, etc.), a content source (e.g., all content from a man-
ager/boss may be downloaded regardless of network con-
nection speed, while content from a friend may be processed
when network speed 1s appropriate for the particular content,
etc.), a minimum network download speed for download of
the content, a mimmimum network download speed for a type
of content, and a minimum communication resource utili-
zation availability (e.g., processor usage, number of ports,
etc.). Additional examples of download constraints 1include
a security classification (e.g., security level) of each portion
of the content, a minimum network security level for down-
load of the content portion, an account download bandwidth
limitation (e.g., where a periodic limit for download band-
width 1s associated with a user account), an account down-
load cost limitation (e.g., where a cost 1s associated with
download within a user account), and an account connec-
tivity cost limitation (e.g., where an additional fee 1s charged
for roaming or for content download while roaming). Many
other download constraints are possible and all are consid-
ered within the scope of the present subject matter.

As another alternative, the client device may specily
download constraints within the content request to the

10

15

20

25

30

35

40

45

50

55

60

65

6

content server. In such an implementation, where a down-
load constraint such as an account download bandwidth
limitation or an account download cost limitation exists for
a user account of a chient device, the client device may
impose a download constraint within one or more content
download requests. For example, the client device may be
configured to automatically manage content downloads by
requesting only a portion of content for each message (e.g.,
request only “N” kilobytes or megabyte per message).
Alternatively, the client device may be configured to monitor
content downloads over a period of time, such as a billing
cycle, and dynamically reduce download volume as a band-
width or billing limit approaches. Many other possibilities
exist for client download constraint management and all are
considered within the scope of the present subject matter.

The network-aware structured content downloads
described herein may be performed 1n real time to allow
prompt partitioned download of structured content. For
purposes of the present description, real time shall include
any time frame of sufliciently short duration as to provide
reasonable response time for information processing accept-
able to a user of the subject matter described. Additionally,
the term ““real time” shall include what 1s commonly termed
“near real time”—generally meaning any time frame of
sufliciently short duration as to provide reasonable response
time for on-demand information processing acceptable to a
user of the subject matter described (e.g., within a portion of
a second or within a few seconds). These terms, while
difficult to precisely define are well understood by those
skilled 1n the art.

FIG. 1 1s a block diagram of an example of an 1mple-
mentation of a system 100 for network-aware structured
content downloads. A computing device 102 communicates
via a network 104 with a server 106. The network 104 may
include any form of interconnection suitable for the intended
purpose, including a private or public network such as an
intranet or the Internet, respectively, direct inter-module
interconnection, dial-up, wireless, or any other interconnec-
tion mechanism capable of interconnecting the respective
devices. It 1s further noted that the network 104 1s shown as
a single network for purposes of illustration, but that mul-
tiple networks may be utilized as appropriate for a given
implementation. It 1s further understood that the computing
device 102 may communicate with multiple servers, such as
the server 106. However, the single server 106 1s described
to reduce complexity of the present description.

The computing device 102 may communicate with serv-
ers, such as the server 106, via one or more of an access
pomnt_1 108, an access point_2 110, through an access
pomnt_N 112. Each of the access poimnt_1 108, the access
pomnt_2 110, through the access pomt_N 112 1s associated
with a location 114, a location 116, through a location 118,
respectively.

It 1s noted that the computing device 102 1s shown with a
solid-line representation within the location 114 and that the
computing device 102 1s shown with a dashed-line repre-
sentation within each of the location 116 and the location
118. As such, for purposes of the present example, 1t 1s
assumed that the computing device 102 may be a portable/
mobile computing device, either by a user’s ability to move
the computing device 102 to different locations, or by the
computing device 102’s association with a portable plat-
form, such as a plane, train, automobile, or other moving
vehicle, and that the computing device 102 may be moved
between the locations 114 through 118. However, 1t should
be noted that while the present example 1llustrates each of
the access pomnt_1 108 through the access point_N 112
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associlated with a different location, two or more of the
access point_1 108 through the access point_ N 112 may be
accessible via the computing device 102 at a single location
without departure from the scope of the present subject
matter. Accordingly, a computing device, such as the com-
puting device 102, may connect to the server 106 via two or
more access points at a single location.

It should also be noted that both the server 106 and the
computing device 102 may include any computing device
capable of processing information as described above and 1n
more detail below. For example, while not limiting, the
server 106 may include a web server, email server, or other
content server. Either the server 106 or the computing device
102 may include devices such as a personal computer (e.g.,
desktop, laptop, etc.) or a handheld device (e.g., cellular
telephone, personal digital assistant (PDA), email device,
music recording or playback device, etc.), or any other
device capable of processing information as described above
and 1 more detail below.

Each of the access pomnt_1 108 through the access
point_N 112 may include either a wired or a wireless access
point via which the computing device 102 may access the
server 106. Further, each of the access point_1 108 through
the access pomt_N 112 may represent a different type of
network connection to the server 106. As such, each of the
access poimnt_1 108 through the access point_ N 112 may
provide different connectivity capabilities, such as speed,
security, or other capabilities.

For purposes of the present example, 1t 1s assumed that the
access pomnt_1 108 represents a wired secured firewalled
network connection and that the location 114 represents a
work location. It 1s also assumed that the access point_2 110
represents a fourth generation (4G) wireless network access
point and that the location 116 represents a downtown
metropolitan location. It 1s further assumed that the access
point_N 112 represents a third generation (3(G) wireless
network access point and that the location 118 represents a
rural community location such as a location proximate to a
home of a user of the computing device 102.

As such, the user of the computing device 102 may travel
between work and home and the computing device 102 may
be connected to the server 106 via the respective access
points. Within the present example, the user may take the
computing device 102 from the wired secured firewalled
network connection at work, access a relatively high-speed
wireless network connection upon exiting the work facili-
ties, and access a relatively lower-speed wireless network
connection 1n proximity to home. Accordingly, each network
access provided by the access pomnt_1 108 through the
access pomt_N 112 may provide one of a different level of
security and a different network access speed, or other
capabilities.

As will be described 1n more detail below 1n association
with FIG. 2 through FIG. 6B, the computing device 102
provides automated network-aware structured content
downloads. The automated network-aware structured con-
tent downloads 1s based upon detection of network connec-
tivity and characteristics of a given network connection,
coupled with analysis of configured/defined download con-
straints for portions of content, to control download of
different portions of the same content via network connec-
tions that are appropriate based upon the configured/defined
download constraints associated with different portions of
the content.

FIG. 2 1s a block diagram of an example of an imple-
mentation of a core processing module 200 capable of
performing automated network-aware structured content

"y

10

15

20

25

30

35

40

45

50

55

60

65

8

downloads. The core processing module 200 may be asso-
ciated with either the computing device 102 or the server
106, as appropriate for a given implementation. Further, the
core processing module 200 may provided different and
complementary processing ol download constraints based
upon current network characteristics in association with
cach implementation, as described 1n more detail below. A
central processing unit (CPU) 202 provides computer
instruction execution, computation, and other capabilities
within the core processing module 200. A display 204
provides visual information to a user of the core processing
module 200 and an input device 206 provides input capa-
bilities for the user.

The display 204 may include any display device, such as
a cathode ray tube (CRT), liquid crystal display (LLCD), light
emitting diode (LED), projection, touchscreen, or other
display element or panel. The mput device 206 may include
a computer keyboard, a keypad, a mouse, a pen, a joystick,
or any other type of mput device by which the user may
interact with and respond to information on the display 204.

It should be noted that the display 204 and the input
device 206 are illustrated with a dashed-line representation
within FIG. 2 to indicate that they may be optional compo-
nents for the core processing module 200 for certain 1mple-
mentations, such as the server 106 that 1s accessible and/or
configured remotely. Accordingly, the core processing mod-
ule 200 may operate as a completely automated embedded
device without direct user configurability or feedback. How-
ever, the core processing module 200 may also provide user
feedback and configurability via the display 204 and the
iput device 206, respectively.

A communication module 208 provides interconnection
capabilities that allow the core processing module 200 to
communicate with other modules within the system 100,
such as the server 106 when implemented 1n association
with the computing device 102, and vice versa, to allow
communication between the two devices via the network
104. The communication module 208 may include any
clectrical, protocol, and protocol conversion capabilities
useable to provide the interconnection capabilities. Though
the communication module 208 1s illustrated as a compo-
nent-level module for ease of illustration and description
purposes, it should be noted that the communication module
208 may include any hardware, programmed processor(s),
and memory used to carry out the functions of the commu-
nication module 208 as described above and 1n more detail
below. For example, the commumcation module 208 may
include additional controller circuitry in the form of appli-
cation specific integrated circuits (ASICs), processors,
antennas, and/or discrete integrated circuits and components
for performing communication and electrical control activi-
ties associated with the communication module 208. Addi-
tionally, the communication module 208 may include inter-
rupt-level, stack-level, and application-level modules as
appropriate. Furthermore, the communication module 208
may include any memory components used for storage,
execution, and data processing for performing processing
activities associated with the communication module 208.
The communication module 208 may also form a portion of
other circuitry described without departure from the scope of
the present subject matter.

A memory 210 includes a content storage arca 212 that
stores content for use by the core processing module 200.
For example, the content storage area 212 may store content
for download where the core processing module 200 1is
associated with a server, such as the server 106. Alterna-
tively, the content storage area 212 may store content that
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has been downloaded where the core processing module 200
1s associated with a computing device, such as the comput-
ing device 102. The content storage arca 212 may also store
download constraints as described above and 1n more detail
below that are associated with portions of stored content.

The memory 210 also includes a deferred content storage
area 214. The deferred content storage area 214 may store
identifiers of content that has been deferred for later down-
load. A content processing storage area 216 stores charac-
teristics associated with content that 1s either available for
download via the server 106 or that has been downloaded to
the computing device 102. The content processing storage
arca 216 may also store configurations and automated con-
tent download profiles that may trigger download of
deferred content 1n response to detection of network con-
nectivity that satisfies any applicable download constraints
for one or more portions of deferred content. Further,
content stubs including deferred content identifiers, as
described above and 1n more detail below, may be stored
within the content processing storage area 216. Many other
content storage options exist and all are considered within
the scope of the present subject matter.

It 1s understood that the memory 210 may include any
combination of volatile and non-volatile memory suitable
for the mtended purpose, distributed or localized as appro-
priate, and may include other memory segments not 1llus-
trated within the present example for ease of illustration
purposes. For example, the memory 210 may include a code
storage area, an operating system storage area, a code
execution area, and a data area without departure from the
scope of the present subject matter.

A network-aware download module 218 1s also 1llus-
trated. The network-aware download module 218 provides
automated management for deferred downloads within the
core processing module 200, as described above and 1n more
detail below. The network-aware download module 218
implements the automated network-aware structured content
downloads of the core processing module 200.

Though the network-aware download module 218 1s
illustrated as a component-level module for ease of 1llustra-
tion and description purposes, it should be noted that the
network-aware download module 218 may include any
hardware, programmed processor(s), and memory used to
carry out the functions of this module as described above
and 1n more detail below. For example, the network-aware
download module 218 may include additional controller
circuitry in the form of application specific integrated cir-
cuits (ASICs), processors, and/or discrete itegrated circuits
and components for performing communication and electri-
cal control activities associated with the respective devices.
Additionally, the network-aware download module 218 may
also 1nclude mterrupt-level, stack-level, and application-
level modules as appropriate. Furthermore, the network-
aware download module 218 may include any memory
components used for storage, execution, and data processing
for performing processing activities associated with the
module.

It should also be noted that the network-aware download
module 218 may form a portion of other circuitry described
without departure from the scope of the present subject
matter. Further, the network-aware download module 218
may alternatively be implemented as an application stored
within the memory 210. In such an implementation, the
network-aware download module 218 may include nstruc-
tions executed by the CPU 202 for performing the function-
ality described herein. The CPU 202 may execute these
instructions to provide the processing capabilities described
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above and i more detail below for the core processing
module 200. The network-aware download module 218 may
form a portion of an interrupt service routine (ISR), a portion
ol an operating system, a portion of a browser application,
or a portion of a separate application without departure from
the scope of the present subject matter.

The CPU 202, the display 204, the input device 206, the
communication module 208, the memory 210, and the
network-aware download module 218 are interconnected via
an 1terconnection 220. The interconnection 220 may
include a system bus, a network, or any other interconnec-
tion capable of providing the respective components with
suitable interconnection for the respective purpose.

While the core processing module 200 1s illustrated with
and has certain components described, other modules and
components may be associated with the core processing
module 200 without departure from the scope of the present
subject matter. Additionally, 1t should be noted that, while
the core processing module 200 1s described as a single
device for ease of illustration purposes, the components
within the core processing module 200 may be co-located or
distributed and interconnected via a network without depar-
ture from the scope of the present subject matter. For a
distributed arrangement, the display 204 and the input
device 206 may be located at a point of sale device, kiosk,
or other location, while the CPU 202 and memory 210 may
be located at a local or remote server. Many other possible
arrangements for components of the core processing module
200 are possible and all are considered within the scope of
the present subject matter. Accordingly, the core processing
module 200 may take many forms and may be associated
with many platiorms.

The following pseudo code examples represent certain
possibilities for implementation of network-aware struc-
tured content downloads. The following examples are pre-
sented 1n extensible markup language (XML) pseudo syntax
for reference and are directed to certain content types.
However, 1t 1s understood that any syntax may be used as
appropriate for a given implementation and that other con-
tent types are available. As such, many other possibilities for
implementation of network-aware structured content down-
loads exist and all are considered within the scope of the
present subject matter. Further, for purposes of the present
description, the pseudo code examples represent content
within a single content file that may be considered a single
“root” content file.

The first example pseudo code below illustrates one
example of a body of an original content file that may be
stored on a server, such as the server 106. The content within
the body of the original content file includes three sections
or portions, as described 1n more detail below following the
first example pseudo code.

<Body>
<!-- Static Content that may not be affected by network or security
conditions -->
<person__list>
<resident>
<name>David</name>
</resident>
</person__list>
<!-- Large File section of movies and pictures -->
<titles>
<movie>
<flle="video.mpg” />
</movie>
<picture>
<file="tface.|pg”/>
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-continued

</picture>
</titles>

<!-- Sensitive Information designated for distribution via a secure channel
>

<salary>
<resident>
<pname>David</name>
<imcome>750000</income>
<taxbracket>35</taxbracket>
</resident>
</salary>

</Body>

As can be seen from the first example pseudo code above,
three portions of content are 1dentified by comments for ease
of description. The first portion of the content 1s indicated to
include static content that may not be aflected by network or
security conditions. This static content includes an attribute
that includes a text value associated with a “name” tag pair.
The second portion of the content 1s indicated to include
large file section, such as movies and pictures. The large file
section includes file 1dentifiers of the form “file” that are
used to reference individual files within the content. These
file 1dentifiers trigger download of the respective files 1n
response to attempts by client devices, such as the comput-
ing device 102, to render the second portion of the content.
The third portion of the content 1s indicated to include
sensitive information designated for distribution via a secure
channel. This sensitive information includes attributes that
include text values associated with a “name” tag pair, an
“income” tag pair, and a “tax bracket” tag pair. Processing
of each of these portions of the body of the file represented
by the first example pseudo code above may differ based
upon current network connectivity of the computing device
102 to the server 106.

For purposes of the present example, it 1s assumed that the
client device 102 requested the content file that includes the
first example pseudo code above via an unsecure connection
and that the unsecure connection 1s a lower bandwidth
connection, such as a 3G connection rather than a faster 4G
connection. As such, the present example aligns with the
access point_N 112 that represents a third generation (3G)
without network security features or speed capabilities of the
access point_1 108 and the access point_2 110, respectively.
It 1s further assumed that server 106 i1s configured to auto-
matically defer secure/sensitive content associated with
requests over unsecure connections and to automatically
defer larger content associated with requests over lower-
bandwidth connections. For purposes of the present
example, it 1s further assumed that the server 106 may be
configured to automatically defer the respective portions by
either analysis of the comment block associated with each
content portion (e.g., by use of the comment text “Static
Content,” “Large file,” and “Sensitive Information”),
respectively, or by analysis of the file identifiers or tag pairs
(e.g., “file,” “income,” “taxbracket™), respectively.

The second example pseudo code below 1illustrates one
example of a body of the original content file that may be
downloaded to the computing device 102 1n response to a
request for the content file via the unsecure lower-bandwidth
connection. The content within the body of the original
content file again includes the three sections or portions
described above 1n association with the first example pseudo
code. However, certain portions of the original content have
been replaced with content stubs, as described above and in
more detail below following the first example pseudo code.
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<Body>
<!-- Static Content not aflected by network or security conditions -->
<person__list>

<resident>

<name>David</name>

</resident>
</person__list>
<!-- Large File section of movies and pictures -->

<titles>
<movie>
<stub=>
<deferfile="video.mpg”/>
</stub>
</movie>
<picture>
<stub=>
<deferfile="face.jpg™/>
</stub>
</picture>
</titles>
<!-- Sensitive Information requiring secure channel -->
<salary>
<resident>
<name>David</name>
<stub>
<securecontent-
<tag="1ncome”/>
</securecontent>
</stub>
<stub>
<gecurecontent>
<tag="taxbracket”/>
</securecontent>
</stub>
</resident>
</salary>
</Body>

As can be seen from the second example pseudo code
above, the static content has been distributed by the server
106 without deferral in response to the request from the
computing device 102. However, the file links represented as
file 1dentifiers within the original “Large File” section of the
content of the first example pseudo code above have been
replaced with a stub.

The stub 1s illustrated within the second example pseudo
code as a “stub” tag pair inserted 1nto the location within the
original content where the file i1dentifiers were originally
located. The stub further includes a “deferfile” file 1dentifier
that includes the original file name for each respective large
file within the “Large File” section of the original content.

In response to receipt of this content with the inserted stub
for the “Large File” section, the computing device 102 may
identily the content as deferred content via the “stub™ tag
pair and via the “deferfile” file identifier. The computing
device 102 may perform processing as described in more
detail below 1n response to detection of such a stub to
automatically 1dentity the current network connection,
within the present example a 3G connection, and may
determine that a network connection faster than a 3G
connection 1s requested by the server 106 for download of
this portion of content. The computing device 102 may
configure download of the deferred content 1n response to
connectivity via a network with characteristics that exceed
the current 3G network connection and may automatically
request the deferred content using the filename 1dentified
within the “deferfile” file identifier. It 1s understood that
request of this deferred content may be performed via any
suitable file request protocol, such as a hypertext transfer
protocol (HTTP) GET message, a file transfer protocol
(FTP) file download, or any other processing as appropriate
for a given implementation.
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Further referring again to the second example pseudo
code above, 1t 1s noted that the ‘“Sensitive Information”
section ol the content also includes content stubs. As
described above, 1t 1s assumed that the 3G network connec-
tion via which the computing device 102 requested the
content 1s an unsecure connection and that the server 106 1s
configured to defer any such content requests received and
detected via such a connection.

As such, the second example pseudo code above includes
a content “stub” tag pair that encapsulates each of the
“income” attribute and the “taxbracket” attribute from the
original content shown within the first example pseudo code
above. It 1s further noted that an additional tag pair “secure-
content” encapsulates the original tag name “income” and
“taxbracket” within the respective content stubs.

In response to receipt of this content with the iserted
stubs for the “Sensitive Information” section, the computing
device 102 may 1dentily the respective content portions as
deferred content via the “stub” tag pair and may further
determine download constraints via the “securecontent” file
identifier. The computing device 102 may perform process-
ing as described 1n more detail below 1n response to detec-
tion of each such stub to identify each respective content
portion as secure content. It 1s understood that, though not
depicted within the present example, the “securecontent” tag
pair may further be augmented to include a security level
required for download of the content.

The computing device 102 may also be configured to
automatically identify the current network connection as
unsecure and may identily a level of security associated with
the current network connection, within the present example
a 3G connection that 1s unsecure. The computing device 102
may configure download of the deferred content 1n response
to connectivity via a network with security characteristics
that meet a configured “securecontent” rating or with secu-
rity characteristics that exceed the security level of the
current network connection, as appropriate for a given
implementation, and may automatically request the deferred
content using the attributes “income’ and “taxbracket™ asso-
cliated with the respective “tag” identifiers within the
inserted content stubs in response to detection of such a
network connection. Alternatively, where the “securecon-
tent” tag pair 1s augmented to include a security level
required for download of the content, the computing device
102 may configure automated download of the deferred
content portions 1n response to detection of a network
connection associated with the designated security level. It
1s understood that request of these deferred content portions
may be performed via any suitable file request protocol, such
as an HT'TP GET message, an FTP file download, or any
other processing as appropriate for a given implementation.

It should be noted that while the second example pseudo
code above shows specific forms of content identifiers
assoclated with the content stubs, other content i1dentifiers
are possible. For example, uniform resource locators (URLSs)
may be used 1n place of the content identifiers shown above
to allow a computing device, such as the computing device
102, to directly provide for link selection by a user for the
respective deferred content. Many other possibilities exist
for deferred content i1dentification and all are considered
within the scope of the present subject matter. Further, for
purposes of the present subject matter, any form of content
identifier may be considered a “content pointer” useable to
request deferred content portions.

The following third example pseudo code illustrates one
possible modification of the second example pseudo code to
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provide URLs as content identifiers within the Large File
section. Other portions of the second example pseudo code
are omitted for brevity.

<Body>

<1-- Large File section of movies and pictures -->
<titles>

<movie>
<flle="http://www.domain.com/images/video.mpg™ />
</movie>

<picture>
<flle="http://www.domain.com/images/face.jpg”/>
</picture>

</titles>

</Body>

As can be seen from the third example pseudo code
above, a URL “http://www.domain.com/images/video.mpg”
provides a link to the “video.mpg” file and a URL http://
www.domain.com/images/face.jpg provides a link to the
“face.jpg” file. The client device 102 may automatically use
the respective links to retrieve the respective files in
response to detection of a network connection that satisties
download constraints (e.g., network speed). The client
device 102 may alternatively display an indication/prompt to
a user via the display 204 with the one or more of the links
as hypertext links and may obtain the respective file 1n
response to a detected selection of one of the hypertext links
via the input device 206.

As such, the example pseudo code sections above show
that a server device, such as the server 106, may defer
content for later download 1n response to determinations of
download constraints. Such a server device may replace the
deferred content with inserted content stubs at locations
within the content file associated with the original content
that has been deferred. Such a server device may also
identily and communicate the download characteristics to a
requesting client device, such as the computing device 102.
The respective client device may automatically configure
download of deferred content based upon analysis of a
current network connection and/or based upon specific 1ndi-
cations of download constraints in association with content
stubs. Many other possibilities exist for communication of
content stubs that identily deferred content portions and
download constraints, and for either 1dentification of down-
load constraints or automated determination of download
constraints 1n response to receipt of content stubs and
configuration of automated retrieval of deferred content

portions. Accordingly, all such possibilities are considered
within the scope of the present subject matter.

FIG. 3 through FIG. 6B below describe example pro-
cesses that may be executed by devices, such as the core
processing module 200, to perform the automated network-
aware structured content downloads associated with the
present subject matter. Many other variations on the
example processes are possible and all are considered within
the scope of the present subject matter. The example pro-
cesses may be performed by modules, such as the network-
aware download module 218 and/or executed by the CPU
202, associated with such devices. It should be noted that
time out procedures and other error control procedures are
not illustrated within the example processes described below
for ease of 1illustration purposes. However, 1t 1s understood
that all such procedures are considered to be within the
scope of the present subject matter.
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FIG. 3 1s a flow chart of an example of an implementation
of a process 300 for server-side processing for automated
network-aware structured content downloads. At block 302,
the process 300 receives, at a content server via a first
network connection, a request for content from a client
device, where the content comprises a plurality of portions
represented within a root document. At block 304, the
process 300 determines to defer at least one portion of the
content for download via a network connection other than
the first network connection based upon a download con-
straint of the at least one portion of the content and a network
characteristic of the first network connection. At block 306,
the process 300 sends the content with each of the at least
one portion of the content replaced with a content stub
within the root document, where each content stub identifies
the respective portion of the content as a deferred portion of
the content and comprises a content identifier of the respec-
tive deferred portion of the content.

FI1G. 4 15 a flow chart of an example of an implementation
of a process 400 for client-side processing for automated
network-aware structured content downloads. At block 402,
the process 400 sends, via a client device, a request for
content to a content server via a first network connection. At
block 404, the process 400 receives, from the content server,
a root document comprising at least one content stub, where
cach of the at least one content stub i1dentifies a respective
portion of the content as a deferred portion of the content
and comprises a content 1dentifier of the respective deferred
portion of the content. At block 406, the process 400 detects
a network connection change to the content server from the
first network connection to a second network connection. At
block 408, the process 400 determines to download at least
one deferred portion of the content via the second network
connection based upon a configured download constraint of
the at least one deferred portion of the content and a network
characteristic of the second network connection. At block
410, the process 400 obtains the at least one deferred portion
of the content 1dentified by the respective content stub.

FIGS. 5A-5B illustrate a flow chart of an example of an
implementation of process 500 for server-side processing for
automated network-aware structured content downloads.
FIG. SA illustrates imitial processing within the process 500.
It should be understood that the processing described 1n
association with the process 500 may include branches that
may be processed concurrently via different branch threads
as appropriate for each content portion. At decision point
502, the process 500 determines whether a content request
has been received/detected. A content request may be
received, for example, from a client device such as the
computing device 102. The content request may further
include either an 1itial request for a root document or may
include a request for a deferred portion of content associated
with a root document of a previous content request. It should
turther be noted that the process 500 may automatically
detect changes of network connections with client devices
from an mitial network connection from which content
download was deferred to a second or subsequent network
connection. In such a situation, the process 500 may auto-
matically trigger a content request event that imitiates pro-
cessing for the process 300 to determine whether any
deferred portions of content for one or more client devices
may be downloaded via the second or subsequent network
connection.

In response to determining at decision point 502 that a
content request has been received, the process 500 makes a
determination at decision point 504 as to whether the content
request 1s an 1nitial request for content associated with a root
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document or i1s a request for a portion of content deferred
from a previous content request. Processing associated with
deferred content requests for portions of content will be
described in more detail below following a description of
initial request processing for a root document content
request.

As such, 1n response to determining that the content
request 1s an 1nitial content request, the process 500 deter-
mines one or more download constraints for each portion of
content of the root document at block 506. As described
above, the download constraints may include constraints
related to network speed, network security, request source
(e.g. from a person with certain security clearance), or other
constraints as described in more detall above. Other
examples of download constraints include a size of each
portion of the content, a content type, a content source, a
minimum network download speed, a minimum network
download speed for a type of content, a minimum comimu-
nication resource utilization availability, a security classifi-
cation of each portion of the content, a minimum network
security level, an account download bandwidth limitation,
and an account download cost limitation.

At block 508, the process 500 determines one or more
current network characteristics of a network via which the
content request was received. As also described above, the
network characteristics may include network speed, and/or
network security. Additionally, other characteristics such as
a request source may also be determined.

At block 510, the process 500 compares the download
constraints(s) with the current network characteristic(s). At
decision point 512, the process 500 makes a determination
as to whether to defer any portion of the root document for
download via a different network that satisfies any download
constraints ol any portions of the root document. Such a
determination may include a determination that a download
constraint 1dentifies a network download characteristic
greater than the network characteristic of the current net-
work. For example, the download constraint may indicate
that a network of certain network speed characteristics be
used to download a given portion and the current network
may have lower-speed capabilities than indicated by the
download constraint. Alternatively, the download constraint
may indicate that a secure network be used to download a
given portion and the current network may be an unsecure
network. Many other possibilities exist for determining that
a network download characteristic 1s greater than a particu-
lar network characteristic of a current network and all are
considered within the scope of the present subject matter.

In response to determining that all download constraints
are satisfied by the current network characteristics (e.g., not
to defer any portion of the root document) at decision point
512, the process 500 sends the original root content docu-
ment to the requesting device at block 514 and returns to
decision point 502 to await another content request.

In response to determining at decision point 512 to defer
at least one portion of content associated with the root
document (e.g., all download constraints are not satisfied by
the current network characteristics), the process 500 creates
a content stub as a content fragment for each portion of
content determined to be deferred at block 516. Each content
stub may include an extensible markup language (XML)
fragment where the root document 1s an XML document.
Many other possibilities exist for content stub creation based
upon a particular type of root content document and all are
considered within the scope of the present subject matter.

At block 518, the process 500 creates a content 1dentifier
of the respective deferred portion of the content within the
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content stub. The content 1dentifier may include a reference
to the particular portion of deferred content, such as a file
name ol a particular file or a URL that points to the
respective deferred content portion. As such, each content
stub 1dentifies the respective portion of the content as a
deferred portion, such as via a “stub” tag pair and the
“deferfile” identifiers described within the pseudo code
examples above. Many other possibilities exist for 1dentify-
ing content portions as deferred content portions and all are
considered within the scope of the present subject matter.

At decision point 520, the process 300 makes a determi-
nation as to whether to add one or more download con-
straints to the content stub. A download constraint may be
added, such as via a “securecontent” tag pair described
within the pseudo code examples above. Many other pos-
sibilities exist for adding download constraints to content
stubs and all are considered within the scope of the present
subject matter.

In response to determining at decision point 520 to add
one or more download constraints to one or more content
stubs, the process 500 adds the respective download con-
straints to the respective content fragment at block 522. In
response to determining not to add one or more download
constraints to one or more content stubs at decision point
520 or 1n response to completion of adding the download
constraints at block 522, the process 500 replaces the
original content portion within the root document by copy-
ing the content fragment into a content location within the
root document at block 524. At block 526, the process 500
sends the root document with each content stub that replaces
cach respective portion of the content to the requesting client
device via the current network. The process 500 returns to
decision point 502 and 1iterates as described above.

Returming to the description of decision point 504, in
response to determining that the content request 1s a request
for a portion of content deferred from a previous content
request, again initiated either via a client device or by
automated detection of a network connection change with a
client device and internal content request event generation,
the process 500 transitions to the processing shown and
described 1n association with FIG. 5B.

FIG. 5B illustrates additional processing associated with
the process 500 for server-side processing for automated
network-aware structured content downloads. At block 528,
the process 500 retrieves download constraints for any
deferred content portion(s). At block 530, the process 500
determines one or more current network characteristics of
the network via which the content request for the deferred
content was received or for which the network change was
automatically detected. At block 532, the process 500 com-
pares the download constraints(s) with the current network
characteristic(s).

At decision point 334, the process 300 makes a determi-
nation as to whether the download constraint(s) are satistied
by the current network characteristics. For example, the
process 500 may determine whether one or more network
characteristics of the new current network are at least
equivalent to the relevant respective download constraint(s)
of one or more deferred portions of the content.

In response to determining that the download constraint(s)
are satisfied by the current network characteristics, the
process 500 sends the deferred content portion(s) to the
client device at block 536. In response to determining that
the download constraint(s) are not satisfied by the current
network connection, the process 500 notifies the client
device that the download constraint(s) are not satisfied at
block 538. In response to either sending the deferred content
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portions of the root document associated with the original
content request to the client device at block 536, or upon
notifying the client device that one or more download
constraints are not satisfied by the current network connec-
tion at block 538, the process 500 transitions back to the
processing described in association with FIG. 5A at decision
point 502 and iterates as described above.

As such, the process 500 provides 1nitial content request
processing. Download constraints of individual portions of
content are compared to relevant network characteristics for
cach individual portion of the content. Content stubs are
created that both identily respective portions of a root
content document as deferred content portions and 1include a
content 1dentifier of the respective deferred portion of the
content. Download constraints may also be added to the
content stub to communicate download constraints to the
requesting client device. The process 500 also provides
deferred content download processing in response to both
client device requests for deferred content portions and 1n
response to automated network change detection. Many
other possibilities exist for server-side processing of content
requests and for content portion deferral and all are consid-
ered within the scope of the present subject matter.

FIGS. 6A-6B illustrate a flow chart of an example of an
implementation of process 600 for client-side processing for
automated network-aware structured content downloads.
FIG. 6A illustrates 1imitial processing within the process 600.
It should be understood that the processing described 1n
association with the process 600 may include branches that
may be processed concurrently via different branch threads
as appropriate for each content portion. At decision point
602, the process 600 begins higher-level processing by
making a determination as to whether a content request has
been detected/received. The content request may, for
example, be detected in response to user input to access a
root content document via a browser or other application. In
response to determining that an 1nitial content request has
been detected, the process 600 sends a request for the
content to a content server via a current network connection
at block 604. At decision point 606, the process makes a
determination as to whether a response from the server has
been recerved.

In response to determining that a response from the server
has been received, the process 600 makes a determination at
decision point 608 as to whether any content associated with
a requested root content document has been deferred by the
server. Content may be deferred by receiving from the
content server a root document including at least one content
stub. Each content stub identifies the respective portion of
the content as a deferred portion of the content and includes
a content 1dentifier of the respective deferred portion of the
content. Download constraints may also be included within
content stubs. A content stub may include an extensible
markup language (XML) fragment that replaces each 1den-
tified deferred portion of the content within the root docu-
ment, or other form of content stub as appropriate for a given
implementation. As described above, a server may replace
portions of content within a root document with a content
stub that identifies the respective portion(s) as deferred
content and that includes a content identifier. As also
described above, content may be deferred by a content
server based upon download constraints of portions of
content within a root document compared to current network
characteristics, such as speed, security, and other network
characteristics, a content source, or other characteristics.

In response to determiming that no content has been
deferred, the process 600 renders all content received at
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block 610 and returns to decision point 602 and iterates as
described above and in more detail below. In response to
determining that at least one portion of the content of the
root document has been deferred, the process 600 renders
the recerved content received at block 612.

At decision point 614, the process 600 makes a determi-
nation as to whether one or more download constraint(s)
were recerved within a content stub that identifies the
respective deferred content. In response to determining that
one or more download constraint(s) were received within a
content stub, the process 600 configures deferred download
of the respective portion(s) of content via the received
download constraints at block 616 and returns to decision
point 602 and 1iterates as described above and 1n more detail
below.

In response to determining at decision point 614 that one
or more download constraint(s) were not received within a
content stub, the process 600 determines a deferred content
characteristic of each deferred portion of content at block
618. A deferred content characteristic may include deter-
mimng a content type (e.g., static content, large file, sensi-
tive information, etc.). At block 620, the process 600 evalu-
ates current network characteristics, such as network speed,
security level, and other network characteristics. At block
622, the process 600 identifies one or more download
constraints for each deferred portion of content. For
example, the process 600 may determine a network down-
load characteristic that 1s greater than a network character-
istic of the current network based upon the determined
content characteristic(s) and may 1dentify the download
constraint(s) as network characteristics that exceed the cur-
rent network characteristics. At block 624, the process 600
configures the download constraint for each deferred portion
of the content as the identified/determined network down-
load characteristic(s), and returns to decision point 602 and
iterates as described above and 1n more detail below.

Returming to the description of decision point 602, in
response to determining that an initial content request has
not been detected, the process 600 makes a determination at
decision point 626 as to whether any deferred content is
being monitored or tracked for download via a network
other than an mitial network associated with an 1nitial
content request. In response to determining that no portion
of deferred content 1s being monitored or tracked for down-
load, the process 600 returns to decision point 602 and
iterates as described above and 1n more detail below.

In response to determining at decision point 626 that at
least one portion of deferred content 1s being monitored or
tracked for download via a network other than an initial
network associated with an nitial content request, the pro-
cess 600 transitions to the processing shown and described
in association with FIG. 6B.

FIG. 6B 1llustrates additional processing associated with
the process 600 for client-side processing for automated
network-aware structured content downloads. At decision
point 628, the process 600 makes a determination as to
whether a network change has been detected relative to the
initial network associated with an initial content request. In
response to determining that no network change has been
detected, the process 600 returns to the processing described
in association with FIG. 6A at block 602 and iterates as
described above.

In response to determining that a network change has
been detected at decision point 628, the process 600
retrieves one or more configured download constraints for
download of the respective deferred content portion(s) at
block 630. At block 632, the process 600 determines current
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network characteristic(s). At block 634, the process 600
compares the download constraint(s) associated with any
deferred content portions with the current network charac-
teristic(s).

At decision point 636, the process 600 makes a determi-
nation as to whether the configured download constraint(s)
are satisfied by the current network characteristics. For
example, the process 600 may determine whether one or
more network characteristics of the new current network are
at least equivalent to the relevant respective configured
download constraint(s) of one or more deferred portions of
the content. In response to determining that the configured
download constraint(s) are not satisfied by the current net-
work characteristic(s), the process 600 returns to the pro-
cessing described 1n association with FIG. 6A at block 602
and iterates as described above.

In response to determining that the configured download
constraint(s) are satisfied by the current network character-
1stic(s) at decision point 636, the process 600 requests any
deferred content portion(s) with configured download con-
straint(s) that are satisfied by the current network charac-
teristic(s) from the respective content server at block 638. At
decision point 640, the process 600 makes a determination
as to whether a response from the respective content server
has been received.

In response to receipt of a response from the content
server, the process 600 makes a determination at decision
point 642 as to whether the requested portion(s) of the
content have been received. In response to determining that
one or more ol the requested portion(s) of the deferred
content have not been recerved, the process 600 documents/
logs a deferred content portion retrieval failure for each
retrieval failure at block 644 and returns to the processing
described in association with FIG. 6A at block 602 and
iterates as described above.

In response to determining at decision point 642 that one
or more of the requested portion(s) of the deferred content
have been received, the process 600 prompts a user, such as
via the display device 204, with a notification of any
received deferred content portion(s) at block 646. At deci-
sion point 648, the process 600 makes a determination as to
whether a request to render the recerved deferred content
portion(s) has been detected, such as via the input device
206. In response to determining that a request to render the
received deferred content portion(s) has been detected, the
process 600 renders the received deferred content portion(s)
at block 650. In response to determining that a request to

render the received deferred content portion(s) has not been
detected, the process 600 stores the received deferred con-
tent portion(s) at block 652, such as within the deferred
content storage area 214 of the memory 210. In response to
either rendering the received deferred content portion(s) at
block 650, or 1n response to storing the received deferred
content portion(s) at block 652, the process 600 returns to
the processing described in association with FIG. 6A at
block 602 and iterates as described above.

As such, the process 600 processes initial content requests
for root documents and configures download constraints for
any content 1dentified as deferred via content stubs within a
root document received from a server. The process 600 may
configure the download constraints by analysis of current
network characteristics relative to content characteristics of
the deferred content portions, or may configure the down-
load constraints based upon download constraints provided
within a content stub associated with the deferred content
portions. The process 600 monitors/tracks deferred content
portions and automatically detects network connection
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changes, and 1nitiates download of deferred content portions
where the configured download constraints are satisfied by
the new current network connection. Many other possibili-
ties exist for client-side processing of content requests and
for content portion deferral processing and all are considered
within the scope of the present subject matter.

As described above 1n association with FIG. 1 through
FIG. 6B, the example systems and processes provide auto-
mated network-aware structured content downloads. Many
other variations and additional activities associated with
automated network-aware structured content downloads are
possible and all are considered within the scope of the
present subject matter.

Those skilled 1n the art will recognize, upon consideration
of the above teachings, that certain of the above examples
are based upon use of a programmed processor, such as the
CPU 202. However, the invention 1s not limited to such
example embodiments, since other embodiments could be
implemented using hardware component equivalents such as
special purpose hardware and/or dedicated processors. Simi-
larly, general purpose computers, microprocessor based
computers, micro-controllers, optical computers, analog
computers, dedicated processors, application specific cir-
cuits and/or dedicated hard wired logic may be used to
construct alternative equivalent embodiments.

As will be appreciated by one skilled 1n the art, aspects of
the present invention may be embodied as a system, method
or computer program product. Accordingly, aspects of the
present invention may take the form of an entirely hardware
embodiment, an entirely software embodiment (including
firmware, resident soitware, micro-code, etc.) or an embodi-
ment combining software and hardware aspects that may all
generally be referred to herein as a “circuit,” “module” or
“system.” Furthermore, aspects of the present invention may
take the form of a computer program product embodied in
one or more computer readable medium(s) having computer
readable program code embodied thereon.

Any combination of one or more computer readable
medium(s) may be utilized. The computer readable medium
may be a computer readable signal medium or a computer
readable storage medium. A computer readable storage
medium may be, for example, but not limited to, an elec-
tronic, magnetic, optical, electromagnetic, infrared, or semi-
conductor system, apparatus, or device, or any suitable
combination of the foregoing. More specific examples (a
non-exhaustive list) of the computer readable storage
medium would include the following: an electrical connec-
tion having one or more wires, a portable computer diskette,
a hard disk, a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), a portable compact
disc read-only memory (CD-ROM), an optical storage
device, a magnetic storage device, or any suitable combi-
nation of the foregoing. In the context of this document, a
computer readable storage medium may be any tangible
medium that can contain, or store a program for use by or in
connection with an instruction execution system, apparatus,
or device.

A computer readable signal medium may include a propa-
gated data signal with computer readable program code
embodied therein, for example, in baseband or as part of a
carrier wave. Such a propagated signal may take any of a
variety of forms, including, but not limited to, electro-
magnetic, optical, or any suitable combination thereof. A
computer readable signal medium may be any computer
readable medium that 1s not a computer readable storage
medium and that can communicate, propagate, or transport
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a program for use by or in connection with an instruction
execution system, apparatus, or device.

Program code embodied on a computer readable medium
may be transmitted using any appropriate medium, includ-
ing but not limited to wireless, wireline, optical fiber cable,
RFE, etc., or any suitable combination of the foregoing.

Computer program code for carrying out operations for
aspects ol the present mmvention may be written 1n any
combination of one or more programming languages,
including an object oriented programming language such as
Java™, Smalltalk, C++ or the like and conventional proce-
dural programming languages, such as the “C” program-
ming language or similar programming languages. The
program code may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider).

Aspects of the present invention have been described with
reference to flowchart 1llustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the mvention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks in the
flowchart 1llustrations and/or block diagrams, can be 1mple-
mented by computer program instructions. These computer
program 1nstructions may be provided to a processor of a
general purpose computer, special purpose computer, or

other programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data
processing apparatus, create means for implementing the
functions/acts specified 1n the tlowchart and/or block dia-
gram block or blocks.

These computer program instructions may also be stored
in a computer-readable storage medium that can direct a
computer or other programmable data processing apparatus
to function 1n a particular manner, such that the instructions
stored 1n the computer-readable storage medium produce an
article of manufacture including instructions which 1mple-
ment the function/act specified 1n the flowchart and/or block
diagram block or blocks.

The computer program instructions may also be loaded
onto a computer, other programmable data processing appa-
ratus, or other devices to cause a series of operational steps
to be performed on the computer, other programmable
apparatus or other devices to produce a computer 1mple-
mented process such that the instructions which execute on
the computer or other programmable apparatus provide
processes for implementing the functions/acts specified in
the flowchart and/or block diagram block or blocks.

The flowchart and block diagrams 1n the Figures illustrate
the architecture, functionality, and operation ol possible
implementations of systems, methods and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block 1n the flowchart
or block diagrams may represent a module, segment, or
portion of code, which comprises one or more executable
instructions for 1mplementing the specified logical
function(s). It should also be noted that, in some alternative
implementations, the functions noted 1n the block may occur
out of the order noted 1n the figures. For example, two blocks
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shown 1n succession may, 1n fact, be executed substantially
concurrently, or the blocks may sometimes be executed 1n
the reverse order, depending upon the functionality
involved. It will also be noted that each block of the block
diagrams and/or flowchart illustration, and combinations of
blocks 1n the block diagrams and/or flowchart illustration,
can be mmplemented by special purpose hardware-based
systems that perform the specified functions or acts, or
combinations of special purpose hardware and computer
instructions.

A data processing system suitable for storing and/or
executing program code will include at least one processor
coupled directly or indirectly to memory elements through a
system bus. The memory elements can include local
memory employed during actual execution of the program
code, bulk storage, and cache memories which provide
temporary storage of at least some program code 1n order to
reduce the number of times code must be retrieved from bulk
storage during execution.

Input/output or I/O devices (including but not limited to
keyboards, displays, pointing devices, etc.) can be coupled
to the system either directly or through intervening I/O
controllers.

Network adapters may also be coupled to the system to
enable the data processing system to become coupled to
other data processing systems or remote printers or storage
devices through intervening private or public networks.
Modems, cable modems and Ethernet cards are just a few of
the currently available types of network adapters.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of the invention. As used herein, the singular forms
“a,” “an” and “the” are intended to include the plural forms
as well, unless the context clearly indicates otherwise. It will
be further understood that the terms “comprises” and/or
“comprising,” when used 1n this specification, specily the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

The corresponding structures, materials, acts, and equiva-
lents of all means or step plus function elements i1n the
claims below are intended to include any structure, material,
or act for performing the function in combination with other
claimed elements as specifically claimed. The description of
the present mvention has been presented for purposes of
illustration and description, but 1s not intended to be exhaus-
tive or limited to the mnvention in the form disclosed. Many
modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and
spirit of the mmvention. The embodiment was chosen and
described 1n order to best explain the principles of the
invention and the practical application, and to enable others
of ordinary skill 1n the art to understand the invention for
various embodiments with various modifications as are
suited to the particular use contemplated.

What 1s claimed 1s:

1. A method, comprising:

by a client device:

determining a content characteristic ol a content por-
tion of a content document;

cvaluating a current network characteristic of a {first
network connection 1n association with the deter-
mined content characteristic of the content portion of
the content document;

determining a network download characteristic associ-
ated with the determined content characteristic of the
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content portion of the content document that 1s
greater than the evaluated current network charac-
teristic of the first network connection based upon
the determined content characteristic;
configuring a download constraint of the content por-
tion of the content document as the determined
network download characteristic;
sending a request for the content document to a content
server via the first network connection, where the
current network characteristic of the first network
connection differs from the configured download
constraint that network connectivity must satisiy to
download the content portion of the content docu-
ment, and where the content portion of the content
document comprises data specified within and ren-
derable as part of the content document;
downloading, from the content server over the first
network connection that does not satisty the config-
ured download constraint, a root document that
omits the content portion of the content document
and that comprises a content stub that replaces the
content portion of the content document, where the
content stub comprises an extensible markup lan-
guage (XML) fragment that replaces the content
portion of the content document within the root
document, where the content stub identifies the con-
tent portion of the content document using a content
identifier and specifies the configured download con-
straint, and where the content identifier comprises a
content pointer to the content portion of the content
document selected from a group consisting of an
XML attribute of an XML tag within the content
document that identifies the content portion of the
content document and a uniform resource locator
(URL) that provides a link to the content portion of
the content document;
detecting a network connection change to the content
server Irom the first network connection to a second
network connection;
determining that a network characteristic of the second
network connection satisfies the configured down-
load constraint to download the content portion of
the content document; and
downloading, via the second network connection that
satisfies the configured download constraint, the
content portion of the content document omitted
from the download with the root document using the
content i1dentifier within the content stub.
2. The method of claim 1, where determining that the
network characteristic of the second network connection
satisfies the configured download constraint to download the
content portion of the content document comprises:
retrieving the configured download constraint specified
for the content portion of the content document; and

determiming that the configured download constraint
specified for the content portion of the content docu-
ment 1s at least equivalent to the network characteristic
of the second network connection.

3. The method of claim 1, where the configured download
constraint comprises at least one of a size of the content
portion of the content document, a content type, a content
source, a minimum network download speed, a minimum
network download speed for a type of content, a minimum
communication resource utilization availability, a security
classification of the content portion of the content document,
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a minimum network security level, an account download
bandwidth limitation, and an account download cost limi-
tation.
4. The method of claim 1, further comprising the client
device:
prompting, responsive to downloading the content portion
via the second network connection, a user of the client
device with a notification of the downloaded content
portion of the content document;
determining whether a request to render the downloaded
content portion of the content document has been
detected; and
rendering the downloaded content portion of the content
document 1n response to determining that the request to
render the downloaded content portion of the content
document has been detected.
5. A system, comprising;:
a communication device; and
a processor at a client device programmed to:
determine a content characteristic of a content portion
of a content document;
evaluate a current network characteristic of a first
network connection 1n association with the deter-
mined content characteristic of the content portion of
the content document;
determine a network download characteristic associ-
ated with the determined content characteristic of the
content portion of the content document that 1s
greater than the evaluated current network charac-
teristic of the first network connection based upon
the determined content characteristic;
configure a download constraint of the content portion
of the content document as the determined network
download characteristic;
send, via the communication device, a request for the
content document to a content server via the first
network connection, where the current network char-
acteristic of the first network connection differs from
the configured download constraint that network
connectivity must satisty to download the content
portion of the content document, and where the
content portion of the content document comprises
data specified within and renderable as part of the
content document;
download, from the content server over the first net-
work connection that does not satisty the configured
download constraint, a root document that omaits the
content portion of the content document and that
comprises a content stub that replaces the content
portion of the content document, where the content
stub comprises an extensible markup language
(XML) fragment that replaces the content portion of
the content document within the root document,
where the content stub 1dentifies the content portion
of the content document using a content identifier
and specifies the configured download constraint,
and where the content 1dentifier comprises a content
pointer to the content portion of the content docu-
ment selected from a group consisting of an XML
attribute of an XML tag within the content document
that identifies the content portion of the content
document and a uniform resource locator (URL) that
provides a link to the content portion of the content
document:
detect a network connection change to the content
server from the first network connection to a second
network connection;
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determine that a network characteristic of the second
network connection satisfies the configured down-
load constraint to download the content portion of
the content document; and

download, via the second network connection that
satisfies the configured download constraint, the
content portion of the content document omitted
from the download with the root document using the
content 1identifier within the content stub.
6. The system of claim 5, where, 1n being programmed to
determine that the network characteristic of the second
network connection satisfies the configured download con-
straint to download the content portion of the content
document, the processor 1s programmed to:
retrieve the configured download constraint specified for
the content portion of the content document; and
determine that the configured download constraint speci-
fied for the content portion of the content document 1s
at least equivalent to the network characteristic of the
second network connection.
7. The system of claim 5, where the configured download
constraint comprises at least one of a size of the content
portion of the content document, a content type, a content
source, a minimum network download speed, a minimum
network download speed for a type of content, a minimum
communication resource utilization availability, a security
classification of the content portion of the content document,
a minimum network security level, an account download
bandwidth limitation, and an account download cost limi-
tation.
8. The system of claim 5, further comprising a display,
and where the processor 1s further programmed to:
prompt, responsive to downloading the content portion
via the second network connection, a user of the client
device with a notification of the downloaded content
portion of the content document;
determine whether a request to render the downloaded
content portion of the content document has been
detected; and
render, via the display, the downloaded content portion of
the content document 1n response to determining that
the request to render the downloaded content portion of
the content document has been detected.
9. A computer program product comprising;
a computer readable storage memory having computer
readable program code embodied therewith, where the
computer readable program code when executed on a
computer at a client device causes the computer to:
determine a content characteristic of a content portion
of a content document;

evaluate a current network characteristic of a first
network connection in association with the deter-
mined content characteristic of the content portion of
the content document;

determine a network download characteristic associ-
ated with the determined content characteristic of the
content portion of the content document that 1s
greater than the evaluated current network charac-
teristic of the first network connection based upon
the determined content characteristic;

configure a download constraint of the content portion
ol the content document as the determined network
download characteristic;

send a request for the content document to a content
server via the first network connection, where the
current network characteristic of the first network
connection differs from the configured download
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constraint that network connectivity must satisiy to
download the content portion of the content docu-
ment, and where the content portion of the content
document comprises data specified within and ren-
derable as part of the content document;

download, from the content server over the first net-

work connection that does not satisty the configured
download constraint, a root document that omaits the
content portion of the content document and that
comprises a content stub that replaces the content
portion of the content document, where the content
stub comprises an extensible markup language
(XML) fragment that replaces the content portion of
the content document within the root document,
where the content stub 1dentifies the content portion
of the content document using a content identifier
and specifies the configured download constraint,
and where the content identifier comprises a content
pointer to the content portion of the content docu-
ment selected from a group consisting of an XML
attribute of an XML tag within the content document
that identifies the content portion of the content
document and a uniform resource locator (URL) that
provides a link to the content portion of the content
document;

detect a network connection change to the content

server from the first network connection to a second
network connection;

determine that a network characteristic of the second

network connection satisfies the configured down-
load constraint to download the content portion of
the content document; and

download, via the second network connection that

satisfies the configured download constraint, the
content portion of the content document omitted
from the download with the root document using the
content 1dentifier within the content stub.
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10. The computer program product of claim 9, where, 1n
causing the computer to determine that the network charac-
teristic of the second network connection satisfies the con-
figured download constraint to download the content portion
of the content document, the computer readable program
code when executed on the computer causes the computer
to:
retrieve the configured download constraint specified for
the content portion of the content document; and

determine that the configured download constraint speci-
fied for the content portion of the content document 1s
at least equivalent to the network characteristic of the
second network connection.

11. The computer program product of claim 9, where the
configured download constraint comprises at least one of a
size of the content portion of the content document, a
content type, a content source, a minimum network down-
load speed, a minimum network download speed for a type
of content, a minimum communication resource utilization
availability, a security classification of the content portion of
the content document, a minimum network security level, an
account download bandwidth limitation, and an account
download cost limitation.

12. The computer program product of claim 9, where the
computer readable program code when executed on the
computer further causes the computer to:

prompt, responsive to downloading the content portion

via the second network connection, a user of the client
device with a notification of the downloaded content
portion of the content document;

determine whether a request to render the downloaded

content portion of the content document has been
detected; and

render, via the display, the downloaded content portion of

the content document 1n response to determining that
the request to render the downloaded content portion of
the content document has been detected.
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